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NEDED 


JAN  2  0  4\379 


Honorable  J.  Joseph  Garrahy 
Governor  of  the  State  of  Rhode  Island 
and  Providence  Plantations 
State  House 

Providence,  Rhode  Island  02903 


Dear  Governor  Garrahy: 

I  am  forwarding  to  you  a  copy  of  the  Pawtucket  Reservoir  Dam  Phase  I 
Inspection  Report,  which  was  prepared  under  the  National  Program  for 
Inspection  of  Non-Federal  Dams.  This  report  is  presented  for  your  use 
and  is  based  upon  a  visual  inspection,  a  review  of  the  past  performance 
and  a  brief  hydrological  study  of  the  dam.  A  brief  assessment  is  in¬ 
cluded  at  the  beginning  of  the  report.  I  have  approved  the  report  and 
support  the  findings  and  recommendations  described  in  Section  7  and  ask 
that  you  keep  me  informed  of  the  actions  taken  to  implement  them.  This 
follow-up  action  is  a  vitally  important  part  of  this  program. 

A  copy  of  this  report  has  been  forwarded  to  the  Department  of  Environ¬ 
mental  Management,  the  cooperating  agency  for  the  State  of  Rhode 
Island.  In  addition,  a  copy  of  the  report  has  also  been  furnished  the 
owner,  the  City  of  Pawtucket,  Water  Supply  Board,  Public  Works  Center, 
250  Armistice  Boulevard,  Pawtucket,  Rhode  Island  02860,  ATTN:  Mr. 
Robert  P.  Blauvelt,  P.E.,  Chief  Engineer. 

Copies  of  this  report  will  be  made  available  to  the  public,  upon 
request,  by  this  office  under  the  Freedom  of  Information  Act.  In  the 
case  of  this  report  the  release  date  will  be  thirty  days  from  the  date 
of  this  letter. 

I  wish  to  take  this  opportunity  to  thank  you  and  the  Department  of 
Environmental  Management  for  your  cooperation  in  carrying  out  this 
program. 

Sincerely  yours. 
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NATIONAL  DAM  INSPECTION  PROGRAM 
PHASE  I  INSPECTION  REPORT 


Identification  No.: 
Name  of  Dam: 

Town: 

County  and  State: 
Stream: 

Date  of  Inspection: 


RI  00803 

Pawtucket  Reservoir  (Arnold  Mills) 
Cumberland  Hill 

Providence  County,  Rhode  Island 
Abbott  Run 
27  September  1978 


BRIEF  ASSESSMENT 

Pawtucket  Reservoir  Dam  is  an  earth  embankment  about  2,900  ft.  long, 
18  ft.  wide  at  the  crest,  with  a  maximum  height  of  about  33  ft. 

The  East  Dike  is  a  smaller  dam  of  similar  construction.  The  main 
dam  has  a  massive  concrete  spillway  151  ft.  long  which  has  been 
fitted  with  2  ft.  flashboards.  The  outlet  works  include  24  in.  and 
48  in.  pipes  controlled  by  24  in.  and  36  in.  gate  valves, 
respectively.  The  downstream  36  in.  valve  is  stuck  open  but  the 
upstream  valve  is  serviceable.  Maximum  storage  capacity  is  about 
5,125  acre-ft.  Arnold  Mills  Reservoir  covers  about  255  acres  and 
is  located  immediately  downstream  from  Diamond  Hill  Dam  and 
Reservoir.  Both  dams  are  operated  as  a  single  water  supply  facility 
for  the  City  of  Pawtucket. 

The  drainage  area  above  Diamond  Hill  Dam  is  about  8.4  sq.  mi.,  while 
the  drainage  area  above  Pawtucket  Reservoir  Dam  but  below  Diamond 
Hill  Dam  is  about  9.0  sq.  mi.  Based  on  storage  capacity,  the  project 
is  classified  as  intermediate  in  size.  Because  both  the  main  dam 
and  the  East  Dike  to  Arnold  Mills  Reservoir  are  immediately 
upstream  of  extensive  residential  developments,  several  local  roads, 
some  commercial  establishments  and  Interstate  Route  295,  the  project 
has  been  classified  as  having  a  high  hazard  potential. 

The  dam  is  in  good  condition.  The  spillway  capacity  is  inadequate 
to  pass  the  test  flood  outflow;  it  would  pass  about  40%  of  the  test 
flood.  The  test  flood  would  overtop  the  main  dam  by  more  than  1  ft. 
and  the  East  Dike  by  more  than  2  ft. 

Several  seepage  points  were  noted  on  the  downstream  slope.  Both 
the  main  dam  and  East  Dike  have  many  mature  trees  growing  on  the 
embankments.  There  is  some  local  erosion  of  the  crest  and  down¬ 
stream  face  riprap  on  the  main  dam.  The  concrete  headwall  to  the 
outlet  structure  is  seriously  eroded  and  disintegrating. 

Within  2  years  after  receipt  of  this  Phase  I  Inspection  Report, 
the  owner,  the  City  of  Pawtucket,  should  retain  the  services  of  a 
registered  professional  engineer  to:  (1)  assess  further  the 
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potential  for  overtopping  of  the  main  dam  and  East  Dike;  (2)  assess 
further  the  significance  of  the  seepage  through  the  main  dam; 

(3)  determine  whether  repairs  to  the  spillway  structure  are 
required;  (4)  design  appropriate  remedial  works.  The  owner  should 
implement  a  plan  to  correct  existing  deficiencies,  including: 

(1)  removal  of  brush  and  trees  from  embankments;  (2)  repair  of 
erosion  gullies  and  riprap;  (3)  repair  of  inoperable  gate  valve; 

(4)  replacement  of  deteriorated  outlet  headwall;  (5)  monitor 
condition  of  spillway  concrete;  (6)  monitor  all  seepage  areas;  and 
(7)  develop  a  formal  surveillance  and  warning  plan. 
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This  Phase  I  Inspection  Report  on  Pawtucket  Reservoir  Dam 
has  been  revieved  by  the  undersigned  Review  Board  members.  In  our 
opinion,  the  reported  findings,  conclusions,  and  recommendations  are 
consistent  with  the  Recommended  Guidelines  for  Safety  Inspection  of 
Da ns,  and  with  good  engineering  judgment  and  practice,  and  is  hereby 
submitted  for  approval. 


fats  ^  OcJSr 

RICHARD  F.  DOHERTY,” MEMBER  faj 
Water  Control  Branch 
Engineering  Division 


CARNEY  M.  TERZIAN,  MEMBER 
Design  Branch 


Chief,  NED  Materials  Testing  Lab. 
Foundations  &  Materials  Branch 
Engineering  Division 
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APPROVAL  RECOMMENDED: 


Chief,  Engineering  Division 
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PREFACE 


This  report  is  prepared  under  guidance  contained  in  the  Recommended 
Guidelines  for  Safety  Inspection  of  Dams,  for  Phase  1  Investigations. 

Copies  of  these  guidelines  may  be  obtained  from  the  Office  of  Chief 
of  Engineers,  Washington,  D.C.  20314.  The  purpose  of  a  Phase  I 
Investigation  is  to  identify  expeditiously  those  dams  which  may  pose 
hazards  to  human  life  or  property.  The  assessment  of  the  general 
condition  of  the  dam  is  based  upon  available  data  and  visual  inspec¬ 
tions.  Detailed  investigation,  and  analyses  involving  topographic 
mapping,  subsurface  investigations,  testing,  and  detailed  computa¬ 
tional  evaluations  are  beyond  the  scope  of  a  Phase  I  investigation; 
however,  the  investigation  is  intended  to  identify  any  need  for  such 
studies. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported 
condition  of  the  dam  is  based  on  observations  of  field  conditions  at 
the  time  of  inspection  along  with  data  available  to  the  inspection 
team.  In  cases  where  the  reservoir  was  lowered  or  drained  prior  to 
inspection,  such  action,  while  improving  the  stability  and  safety  of 
the  dam,  removes  the  normal  load  on  the  structure  and  may  obscure 
certain  conditions  which  might  otherwise  be  detectable  if  inspected 
under  the  normal  operating  environment  of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends  on  numer¬ 
ous  and  constantly  changing  internal  and  external  conditions,  and  is 
evolutionary  in  nature.  It  would  be  incorrect  to  assume  that  the 
present  condition  of  the  dam  will  continue  to  represent  the  condition 
of  the  dam  at  some  point  in  the  future.  Only  through  continued  care  | 

and  inspection  can  there  be  any  chance  that  unsafe  conditions  be 
detected . 

Phase  I  inspections  are  not  intended  to  provide  detailed  hydrologic 
and  hydraulic  analyses.  In  accordance  with  the  established  Guide¬ 
lines,  the  Spillway  Test  Flood  is  based  on  the  estimated  "Probable 
Maximum  Flood"  for  the  region  (greatest  reasonably  possible  storm 
runoff),  or  fractions  thereof.  Because  of  the  magnitude  and  rarity 
of  such  a  storm  event,  a  finding  that  a  spillway  will  not  pass  the 
test  flood  should  not  be  interpreted  as  necessarily  posing  a  highly 
inadequate  condition.  The  test  flood  provides  a  measure  of  relative 
spillway  capacity  and  serves  as  an  aid  in  determining  the  need  for 
more  detailed  hydrologic  and  hydraulic  studies,  considering  the  size 
of  the  dam,  its  general  condition  and  the  downstream  damage 
potential . 
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c.  Appurtenant  Structures 


1.  Spillway 

The  gravity  concrete  spillway  discharges  into  a 
stilling  basin  about  24  ft.  below  crest  elevation. 

This  basin  has  a  concrete  sill  about  5  ft.  high 
(Appendix  C,  Photo  No.  3).  The  downstream  surface  of 
the  section  shows  some  deterioration,  probably  owing 
to  poor  workmanship  in  placing  the  concrete  and 
improper  cleanup  of  laitance  during  lift  placements. 
Efflorescence  from  seeps  is  evident  at  lift  junctions, 
and  freezing  and  thawing  effects  at  these  junctions 
have  apparently  resulted  because  of  seepage 
(Appendix  C,  Photo  Nos.  3,  4,  5,  &  7).  Deterioration  of 
concrete  surfaces  at  the  stilling  basin  sill  block 
and  at  the  downstream  walls  is  quite  general. 
Reinforcement  is  exposed  at  the  basin  sill  (Appendix 
C,  Photo  No.  6).  There  are  some  loose  rocks  and 
debris  in  the  stilling  basin. 

The  concrete  training  walls  downstream  from  the  spill¬ 
way  structure  are  in  generally  good  condition.  The 
weep  holes  appeared  to  be  functioning. 

City  Water  Board  staff  stated  that  the  flashboards 
on  the  spillway  had  functioned  to  store  water  above 
the  spillway  in  about  2  out  of  3  years,  but  that  the 
flashboards  were  never  overtopped  since  the  practice 
was  started  in  1928.  No  operating  bridge  is  provided 
and  there  is  no  means  of  access  to  the  boards  except 
along  the  spillway  crest.  Once  water  was  against  or 
overtopped  the  flashboards,  there  would  be  no  means 
of  removing  them  until  water  receded  below  spillway 
crest  level. 

2.  Outlet  Structure 

The  outlet  structure  at  the  toe  of  the  dam  is  a  twin 
reinforced  concrete  box  with  a  reinforced  concrete 
headwall.  The  headwall  structure  is  very  seriously 
eroded,  presumably  by  freeze  and  thaw  action,  and  is  in 
urgent  need  of  replacement  (Appendix  C,  Photo  No.  8). 
The  24  in.  dia.  gate  was  open  and  the  upstream  36  in. 
dia.  gate  was  partially  opened  and  closed  again  at 
the  time  of  the  inspection.  The  36  in.  dia.  gate  on 
the  downstream  side  is  open  and  unserviceable.  It  is 
not  known  whether  the  side  takeoff  pipe  in  which  the 
venturi  is  installed  is  serviceable. 


13 


SECTION  3  -  VISUAL  INSPECTION 


Findings 


a.  General 

The  visual  inspection  of  the  Pawtucket  Reservoir  (Arnold 
Mills)  Dam  took  place  on  27  September  1978.  The  main  dam 
is  judged  to  be  in  good  condition,  as  is  the  East  Dike, 
a  smaller  dam  of  similar  construction.  The  concrete 
spillway  shows  considerable  surface  deterioration  with 
indications  of  seepage  at  construction  joints.  Some  of 
the  2  ft.  high  flashboards  are  missing.  The  concrete 
headwall  at  the  downstream  end  of  the  outlet  structure 
has  almost  disintegrated.  There  are  many  mature  trees 
with  thick  brush  growing  on  the  western  part  of  the  dam. 

The  embankment  crest  shows  some  localized  areas  of  erosion, 
such  as  at  the  east  abutment  of  the  spillway. 

b .  Dam 

The  main  dam  embankment  between  the  left  abutment  and  the 
spillway  shows  no  evidence  of  horizontal  or  vertical 
movement.  There  is  some  local  erosion  of  the  crest, 
particularly  adjacent  to  the  spillway  abutment  wall. 

The  grouted  riprap  on  the  upstream  face  is  in  good 
condition.  Seepage  of  the  order  of  2-3  gpm  was  noted  at 
the  left  abutment  near  the  toe  of  the  downstream  slope 
of  the  embankment,  at  a  point  50  ft.  to  the  left  and 
20  ft.  downstream  of  the  left  edge  of  the  headwall  of  the 
outlet  pipe.  There  was  another  small  seep  of  about  4  gpm 
immediately  to  the  left  of  this  headwall.  According  to 
Water  Supply  Board  Staff,  seepage  has  been  previously 
observed  from  a  point  84  ft.  left  of  the  gate  house  and 
60  ft.  downstream  to  a  point  10  ft.  left  of  the  gate 
house  and  80  ft.  to  100  ft.  downstream,  near  the  concrete 
outlet  structure.  Brush  had  been  cut  recently  and  the 
stumps  of  several  trees  indicated  that  these  have  been 
removed  during  the  past  year  or  two. 

The  long  earth  dike  between  the  spillway  and  the  right 
abutment  is  heavily  overgrown  by  mature  trees,  a  few  of 
which  have  been  recently  felled  (Appendix  C,  Photo  No.  1). 
The  grouted  riprap  on  the  upstream  slope  is  generally  in 
good  condition,  with  some  minor  spall  areas  noted 
(Appendix  C,  Photo  No.  2).  Nevertheless,  these  spalled 
areas  have  rock  in  the  openings.  Where  the  dike  is  less 
than  about  6  ft.  high,  the  slope  protection  is  hand-placed 
cobblestone  rock  without  grouting. 
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SECTION  2  -  ENGINEERING  DATA 


2. 1  Design 

The  dam  appears  to  have  been  designed  by  the  City  of  Pawtucket 
Public  Works  Department  in  1925.  Plans  were  obtained  from  the 
City  Engineer  (see  Appendix  B) . 

2.2  Construction 


The  dam  was  constructed  by  John  J.  McHale  &  Sons,  Pawtucket, 
in  1926-27.  The  contract  included:  (1)  the  main  dam; 

(2)  the  East  Dike;  (3)  reconstruction  of  the  N.Y. ,  N.H.  &  H. 
Railroad  line  across  the  reservoir  basin  (now  abandoned  and 
accommodating  a  natural  gas  line);  and  (4)  protection  of  the 
Diamond  Hill  Dam  from  the  wash  of  the  new  reservoir. 

2.3  Operation 

The  project  is  operated  in  conjunction  with  Diamond  Hill 
reservoir  immediately  upstream  as  a  single  water  storage 
facility  by  the  Water  Supply  Board,  Pawtucket.  There  are 
no  formal  operating  procedures.  The  project  has  a  resident 
caretaker.  The  levels  of  both  reservoirs  are  lowered  8  ft. 
to  10  ft.  every  summer  before  the  August  -  September  hurricane 
season. 

2.4  Evaluation 


a.  Availability 

Insufficient  engineering  data  is  available  from  the  design 
plans  for  an  assessment  to  be  made  of  the  structural 
stability  of  the  embankment. 

b.  Adequacy 

The  engineering  data  recovered  and  visual  observations  of 
the  inspection  team  form  the  basis  for  the  review  and 
assessment  of  the  adequacy  of  this  dam.  Insufficient  data 
has  been  obtained  for  an  evaluation  of  the  safety  of  the 
embankment. 

c.  Validity 

The  validity  of  the  engineering  data  acquired  covering  the 
dam  and  spillway  structure  is  considered  acceptable  and  is 
not  challenged. 
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h.  Spillway 

1.  Type  -  Concrete  ogee  w/2  ft.  flashboards  j 

2.  Length  of  weir  -  151  ft. 

3.  Crest  elevation  -  160  MSL 

4.  Gates  -  Flashboards  are  only  spillway  regulation  devices 

5.  U/S  Channel  -  None 

6.  D/S  Channel  -  Natural,  heavily  wooded 

7.  General  -  N/A 

i.  Regulating  Outlets 

The  only  regulating  outlets  are  the  24  in.  and  36  in.  dia. 
manual  gate  valves  described  in  b.l.  above  and  shown  on 
the  plans  in  Appendix  B.  The  24  in.  gate  is  used  for  normal 
flows,  while  the  36  in.  gate  is  used  to  lower  the  reservoir 
and  during  flood  events. 
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e.  Storage  (acre-feet) 


1. 

Recreation  pool  -  N/A 

2. 

Flood  control  pool  -  N/A 

3. 

Design  surcharge  -  5,125 

4. 

Top  of  dam  -  5,300 

Reservoir  Surface  (acres) 

1. 

Top  dam  -  282 

2. 

Maximum  pool  -  276 

3. 

Flood-control  pool  -  N/A 

4. 

Recreation  pool  -  N/A 

5. 

Dam 

Spillway  crest  -  255 

1. 

Type  -  Earthen  w/grouted  riprap  upstream  face 

2. 

Length  -  2,900  ft. 

3. 

Height  -  32.5  ft. 

4. 

Top  Width  -  18  ft. 

5. 

Side  Slopes  -  2  to  1  with  6  ft. 

berms  at  19  ft.  level 

6. 

Zoning  -  Clay  backfill  in  core 
core  wall 

trench  and  surrounding 

7. 

Impervious  Core  -  Concrete  core 

wall  to  elevation  165.00 

8. 

Cutoff  -  Some  wood  sheet  piling 

9. 

Grout  curtain  -  Unknown 

10. 

Other  -  N/A 
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2.  No  records  of  flood  events  at  the  Pawtucket  Reservoir 
damsite  were  recovered.  According  to  the  resident 
caretaker  for  the  past  35  years,  the  spillway  and 
outlet  conduit  in  combination  were  adequate  for  any 
flood  event  during  his  tenure.  There  has  been  no 
major  flood  event  since  the  recent  raising  of  Diamond 
Hill  Dam  upstream,  with  construction  of  a  new  spillway. 

3.  The  spillway  at  Pawtucket  Reservoir  Dam  consists  of  a 
massive  cyclopean  concrete  ogee  weir  with  flashboards 
extending  2  ft.  above  the  spillway  crest.  With  the 
flashboards  removed  it  is  estimated  that  the  spillway 
capacity  is  about  6,700cfs  at  maximum  pool  elevation 
165.5. 


c.  Elevation  (ft.  above  MSL) 

1.  Top  Dam  -  166.5 

2.  Maximum  pool-design  surcharge  -  165.5 

3.  Full  flood  control  pool  -  N/A 

4.  Recreation  pool  -  N/A 

5.  Spillway  crest  (gated)  -  162.0  (with  flashboards  in 

place) 

6.  Upstream  portal  invert  diversion  tunnel  -  N/A 

7.  Streambed  at  centerline  of  dam  -  134 

8.  Maximum  tailwater  -  unknown 

d.  Reservoir 

1.  Length  of  maximum  pool  -  6,500  ft. 

2.  Length  of  recreation  pool  -  N/A 

3.  Length  of  flood  control  pool  -  N/A 
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Flashboards  as  much  as  2  ft.  high  are  generally  mounted 
atop  the  Pawtucket  Dam  spillway  crest,  for  the  purpose  of 
occasionally  capturing  and  withholding  surcharge  storage 
above  spillway  crest  level  and  thereby  increasing  the 
yield  of  the  reservoir.  Approximately  500  acre-ft.  of 
storage  space  is  contained  within  the  2  ft.  surcharge 
encroachment.  This  leaves  only  about  900  acre-ft.  to 
the  level  of  the  top  of  the  dike  remaining  for  routing 
high  magnitude  floods,  if  such  were  to  occur  when  the 
reservoir  was  full  to  the  top  of  the  flashboards  at  the 
start  of  the  flood  event. 

b.  Discharge  at  Damsite 

1.  An  outlet  conduit  has  been  carried  through  the  dam  at 
a  point  about  400  ft.  to  the  right  of  the  left  abutment 
of  the  dam,  such  that  discharges  will  empty  directly 
into  the  original  riverbed.  The  conduit  is  constructed 
of  precast  concrete  pipe,  being  48  in.  dia.  upstream 
from  the  crest  of  the  dam  and  60  in.  dia.  downstream. 
Regulation  of  flows  through  the  outlet  is  by  means  of 
gate  valves  installed  in  a  gate  house  and  shaft  located 
near  the  crest  of  the  dam.  The  piping  at  the  floor  of 
the  shaft  consists  of  a  36  in.  dia.  cast  iron  pipe 
cross,  with  three  36  in.  gate  valves  installed  on  three 
sides  of  the  cross  piece.  Two  of  the  valves  are  placed 
in  line  with  and  connected  to  the  outlet  pipes,  to 
provide  an  upstream  closure  valve  and  a  downstream 
regulating  valve  for  reservoir  releases.  The  36  in. 
side  valve  connects  to  a  36  in.  cast  iron  pipe  bedded 
on  a  concrete  cradle,  which  parallels  the  downstream 
leg  of  the  conduit  and  reenters  the  main  outlet  near 
its  lower  end.  A  venturi  meter  is  installed  along  the 
36  in.  pipe  to  measure  outflows.  Access  to  the  venturi 
chamber  is  by  means  of  a  brick  manhole  located  on  the 
berm  at  the  downstream  slope  of  the  dam. 

A  24  in.  C.I.  pipe  high  level  intake,  with  centerline 
at  elevation  147.35,  connects  to  the  fourth  side  of 
the  cross  piece.  Flow  through  this  intake  pipe  is 
regulated  by  a  24  in.  gate  valve  placed  in  the  line 
at  elevation  147.35  just  upstream  from  the  elbow  and 
vertical  line  which  leads  to  the  crosspiece  inlet. 

All  reservoir  releases  are  made  through  the  outlet 
structure,  discharging  directly  to  the  downstream  river. 
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3  Pertinent  Data 


a.  Drainage  areas 

Arnold  Mills  reservoir  is  the  lower  of  two  impoundments  on 
Abott  Run,  situated  in  a  valley  formed  by  the  junction  of 
several  small  streams  draining  the  area  to  the  west  and  north. 
Diamond  Hill  reservoir,  which  occupies  the  area  to  the  north 
of  the  Arnold  Mills  lake,  receives  its  inflow  from  Burnt 
Swamp  Brook.  Arnold  Mills  reservoir  captures  runoff  from 
the  area  to  the  west,  from  Miscoe  Lake  and  Catamint  Brook, 

Ash  Swamp  Brook,  East  Sneech  Brook,  and  Long  Brook.  The 
area  above  Miscoe  Lake  drains  land  in  the  State  of 
Massachusetts;  the  remaining  drainage  area  lies  in  the 
State  of  Rhode  Island. 

The  drainage  area  above  Diamond  Hill  Dam  is  about  8.42  square 
miles,  of  which  about  0.6  square  miles  is  occupied  by  the 
reservoir.  The  topography  of  the  Diamond  Hill  drainage 
area  is  generally  wooded  rolling  hills  terrain,  except  that 
about  0.75  square  miles  of  the  stream  valley  is  occupied  by 
a  low  lying  swamp .  The  length  of  the  water  course  upstream 
from  the  Diamond  Hill  reservoir  is  about  5  miles,  with  an 
average  slope  of  40  ft.  per  mile. 

The  drainage  area  above  Arnold  Mills  reservoir  and  below 
Diamond  Hill  Dam  measures  roughly  5  miles  by  2  miles  and 
is  about  9  square  miles  in  extent,  of  which  the  reservoir 
occupies  0.4  square  miles.  The  topography  of  the  area  is 
generally  wooded  rolling  hill  to  mountainous,  with 
occasional  small  perched  swampy  areas  at  the  stream  head¬ 
waters  and  along  the  streams  courses.  The  rim  of  the 
basin  rises  to  an  average  of  about  220  ft.  above  the  valley, 
with  individual  hills  rising  to  as  much  as  385  ft.  above 
the  valley  level.  The  longest  water  course  upstream  from 
the  Arnold  Mills  reservoir  measures  about  4.4  miles,  with 
an  average  slope  of  52  ft.  per  mile. 

Arnold  Mills  reservoir  is  about  4  mile  in  length  and  1.3 
miles  in  breadth,  with  a  surface  area  at  normal  storage 
level  of  270  acres.  The  reservoir  impounds  about  3,600  acre- 
ft.  to  spillway  crest  level  elevation  160,  5,000  acre-ft.  to 
top  of  dike  level  165.5  and  5,300  acre-ft.  to  top  of  main 
dam  level  166.5.  Reservoir  area-capacity  curves  are  shown 
on  Plate  1  in  Appendix  D. 

The  Diamond  Hill  reservoir  impounds  11,000  acre-ft.  to  spill¬ 
way  crest  elevation  198.  An  additional  surcharge  storage 
space  of  4,680  ac.-ft.  is  available  from  spillway  crest  level 
to  the  top  of  the  dam. 
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f.  Operator 

Mr.  Robert  P.  Blauvelt ,  P.  E. 

Chief  Engineer 
Water  Supply  Board 
Public  Works  Center 
250  Armistice  Boulevard 
Pawtucket,  Rhode  Island  02860 

Telephone:  (401)  728-0500 

g.  Purpose  of  Dam 

The  dam  impounds  a  reservoir  used  for  the  City  of  Pawtucket's 
municipal  water  supply. 

h.  Design  &  Construction  History 

From  the  drawings  recovered  from  the  files  of  the  Water 
Supply  Board  and  City  Engineer,  it  appears  that  the  dam  was 
designed  by  the  City's  Public  Works  Department  in  1925. 
Construction  of  the  Arnold  Mills  reservoir  project  began 
that  year  with  reinforcement  of  the  Diamond  Hill  embankment 
by  means  of  a  heavy  earth  fill  and  stone  revetment.  About 
60  percent  of  the  work  on  the  main  dam  and  dikes  was 
accomplished  in  1926  and  the  project  was  substantially 
completed  by  the  end  of  1927  at  a  total  cost  of  $812,500. 

The  contractor  was  John  J.  McHale  &  Sons  of  Pawtucket. 

Storage  of  water  commenced  in  the  spring  of  1927  and  the 
reservoir  was  filled  for  the  first  time  on  17  February  1928. 
On  30  April  1928  flashboards  12  in.  high  were  set  on  the 
spillway  to  increase  the  storage  capacity. 

i.  Normal  Operational  Procedure 

There  are  no  formal  operational  procedures.  According  to 
the  Chief  Engineer,  Water  Supply  Board,  both  the  Arnold 
Mills  and  Diamond  Hill  reservoir  levels  are  customarily 
lowered  8  ft.  to  10  ft.  before  the  August  -  September 
hurricane  season  to  provide  additional  surcharge  storage. 

The  Chief  Engineer  also  said  that,  since  the  recent  raising 
of  the  Diamond  Hill  -j  m  upstream,  the  Arnold  Mills 
reservoir  level  is  usually  maintained  below  spillway  level 
and  the  additional  storage  from  flashboards  is  no  longer 
required. 

According  to  the  caretaker  of  Diamond  Hill  and  Arnold  Mills 
reservoirs  for  the  past  35  years,  the  Pawtucket  Dam  spillway 
has  accommodated  all  flood  events  during  that  period.  He 
says  that  he  opens  the  36  in.  dia.  gate  when  there  is  6  in. 
depth  of  water  over  the  spillway. 
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The  spillway  outlet  channel  beyond  the  stilling  basin 
is  excavated  to  about  downstream  river  level  and  is 
unpaved.  The  channel,  for  about  100  ft.  downstream 
from  the  stilling  basin,  is  excavated  in  bedrock  while 
the  rest  is  in  earth.  Concrete  gravity  guide  walls  are 
provided  on  each  side  of  the  channel.  The  right  guide 
wall  varies  from  10  ft.  high  at  the  stilling  basin  to 
about  2.5  ft.  high  at  about  310  ft.  downstream.  The 
left  guide  wall  varies  from  a  10  ft.  height  at  the  basin 
to  a  4  ft.  height  at  about  150  ft.  downstream. 

The  spillway  concrete  is  generally  of  massive  construc¬ 
tion,  and  with  the  exception  of  some  reinforcement  in 
the  sill  block  at  the  stilling  basin,  is  unreinforced. 
The  overflow  dam  is  shown  to  be  of  cyclopean  concrete. 
Flashboards  have  been  installed  on  the  spillway  crest 
for  the  purpose  of  capturing  additional  storage  and 
increasing  the  water  yield  of  the  project.  Holes  were 
drilled  into  the  crest  and  steel  pipe  standards  were 
installed  to  which  24  in.  high  flashboards  were  bolted. 
The  size  of  the  pipe  standard  was  so  selected  that  it 
was  expected  to  bend  over  when  the  head  reached  a 
certain  level  over  the  top  of  the  boards,  and  thereby 
increase  the  spillway  capacity. 

c.  Size  Classification 

The  height  of  Pawtucket  Reservoir  Dam  is  32.5  ft.  and  the 
storage  capacity  of  the  reservoir  is  about  5,125  acre-ft. 
at  maximum  pool  elevation  165.5.  While  the  height  of  the 
dam  suggests  it  may  be  placed  in  a  small  size  category, 
the  storage  capacity  is  of  sufficient  size  to  warrant  a 
size  classification  of  intermediate  as  defined  by  the 
Recommended  Guidelines  for  Safety  Inspection  of  Dams. 


d.  Hazard  Classification 

Arnold  Mills  Reservoir  is  located  immediately  upstream  of 
several  extensive  residential  developments,  several  local 
roads.  Interstate  Route  295,  and  assorted  commercial 
establishments.  Accordingly,  the  Pawtucket  Reservoir  Dam 
is  classified  as  high  hazard  in  accordance  with  the  above 
referenced  guidelines. 

e.  Ownership 

The  dam  and  reservoir  are  owned  by  the  City  of  Pawtucket. 
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ledge  rock  formation,  noted  on  the  drawing  as  "hard  red 
rock".  For  the  remaining  length  of  dam  beyond  the 
left  1,500  ft. length,  the  core  trench  did  not  reach 
bedrock,  but  was  carried  only  to  about  the  level  of 
the  reservoir  floor.  The  concrete  core  wall  is  12  in. 
thick  at  its  top  and  24  in.  thick  at  the  base,  sitting 
on  a  6  to  7  ft.  wide  footing  slab  at  the  bottom  of  the 
core  trench.  Along  portions  of  the  wall  length  where 
the  footing  trench  did  not  reach  bedrock  and  where  the 
sand  foundation  appeared  particularly  pervious,  a  line 
of  wooden  sheet  tongue  and  groove  piling  was  driven  to 
depths  of  about  8  ft.  below  the  bottom  of  trench  level. 

3.  East  Dike 

The  East  Dike  is  located  about  1000  ft.  to  the  right  of 
the  main  Pawtucket  Dam,  to  close  off  a  saddle  area 
leading  to  a  small  tributary  which  flows  into  Abbott 
Run  about  1  mile  below  the  dam.  The  cross  section  of 
the  dike  is  similar  to  that  of  the  main  dam,  except 
that  for  the  center  241  ft.  of  its  length  the  top  of 
the  dike  is  at  elevation  165.5,  or  1  ft.  lower  than 
its  abutments  or  the  main  dam.  The  foundation  at  the 
dike,  except  for  short  lengths  where  bedrock  was 
encountered,  is  coarse  sand  and  gravel.  The  core  trench 
was  carried  only  to  about  the  level  of  the  bottom  of 
the  reservoir,  and  the  concrete  core  wall  was  extended 
from  the  bottom  of  the  trench  to  within  2  ft.  of  the 
top  of  the  dike. 

4.  Spillway 

The  spillway  is  located  on  the  right  abutment  of  the 
dam,  about  300  ft.  to  the  right  of  the  main  river 
channel.  The  crest  of  the  spillway  has  a  length  of 
about  151  ft.  at  elevation  160.0,  or  6.5  ft.  below 
the  top  of  the  dam.  The  overflow  is  about  a  30  ft. 
high  gravity  cyclopean  concrete  ogee  section  presumably 
founded  on  bedrock.  The  gravity  section  has  a  width 
of  about  5  ft.  at  its  top  and  27  ft.  at  its  base,  with 
k  to  1  and  4  to  1  slopes  for  its  upstream  and  downstream 
faces,  respectively.  The  overflow  empties  into  a  20  ft. 
long  stilling  basin  whose  floor  is  about  24  ft.  below 
crest  level.  A  wide  concrete  sill,  with  top  5  ft.  above 
the  basin  floor,  is  provided  at  the  end  of  the  stilling 
basin.  Concrete  gravity  side  walls  retain  the  earth 
embankment  adjacent  to  the  spillway. 
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about  6  miles  north  of  Pawtucket,  1300  ft.  north  of  the 
junction  of  North  Attleboro  and  Sneech  Pond  Roads.  The 
project  is  operated  in  conjunction  with  Diamond  Hill 
reservoir  immediately  upstream  to  the  north  of  Arnold 
Mills  reservoir  as  a  single  water  supply  storage  facility. 

b.  Description  of  Dam  &  Appurtenances 

1.  General 

Drawings  showing  the  reservoir  layout,  plan  and 
sections  of  the  dam  and  appurtenant  structures,  and 
foundation  boring  and  test  pit  data,  prepared  by 
the  City  of  Pawtucket  in  1925  and  1927,  are  available 
and  are  included  in  Appendix  B  (Dwgs  D1-F2-5  and  6, 
D1-F2-9  thru  16,  and  D1-F2-19) .  A  sketch  showing 
profiles  along  the  crest  of  dam  and  cross  sections  of 
the  dam  and  dike  are  delineated  on  Plate  2  in 
Appendix  D. 

2.  Main  Dam 

The  main  dam  is  a  zoned  earthfill  embankment  about 
2,900  ft. long  with  a  maximum  height  of  about  33  ft. 

The  dam  has  a- crest  width  of  18  ft.,  and  2  to  1  slopes 
on  both  upstream  and  downstream  faces.  Where  the 
height  exceeds  19  ft.,  berms  are  provided  at  the  19  ft. 
level;  the  width  of  the  upstream  berm  varies  while  the 
downstream  berm  is  6  ft.  wide.  Below  the  downstream 
berm,  the  dam  slope  continues  on  3  to  1  for  about  8  ft. 
and  then  flattens  onto  a  wide  sand  and  gravel  bench 
placed  in  the  original  river  bed  section.  The  dam 
zoning  consists  of  a  concrete  core  wall  constructed 
from  the  bottom  of  a  core  trench  to  within  2  ft.  of 
the  top  of  the  dam,  a  clay  backfill  in  the  excavated 
core  trench  and  surrounding  the  concrete  core  wall, 
and  a  gravel  and  loam  filled  outer  shell.  The 
upstream  face  of  the  dam  is  paved  with  a  laid-up 
riprap  which  was  surface  flushed  with  cement  mortar. 

Two  continuous  horizontal  concrete  walls  are  carried 
along  the  upstream  slope  flush  with  the  top  of  the 
riprap  to  act  as  "paving  stops"  to  hold  the  riprap 
in  place.  One  wall  is  approximately  at  normal  water 
surface  and  one  wall  is  at  the  toe  of  the  slope. 

The  foundation  of  the  dam  for  the  most  part  is  a  sandy 
material  with  some  lenses  of  gravel.  For  about  the 
1,500  ft. left  portion  length  of  the  dam,  the  core  trench 
was  excavated  through  this  pervious  foundation  to  a 
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PHASE  I  INSPECTION  REPORT 


PAWTUCKET  RESERVOIR  DAM  RI  00803 
SECTION  1  -  PROJECT  INFORMATION 


1.1  General 


a.  Authority 

Public  Law  92-367,  August  8,  1972,  authorized  the  Secretary 
of  the  Army,  through  the  Corps  of  Engineers,  to  initiate  a 
national  program  of  dam  inspection  throughout  the  United 
States.  The  New  England  Division  of  the  Corps  of  Engineers 
nas  been  assigned  the  responsibility  of  supervising  the 
inspection  of  dams  within  the  New  England  Region. 

Louis  Berger  &  Associates,  Inc.  has  been  retained'  by  the 
New  England  Division  to  inspect  and  report  on  selected 
dams  in  the  State  of  Rhode  Island.  Authorization  and 
notice  to  proceed  was  issued  to  Louis  Berger  &  Associates, 
Inc.  under  a  letter  of  24  August  1978  from  Ralph  T.  Garver , 
Colonel,  Corps  of  Engineers.  Contract  No.  DACW33-78-C-0371 
has  been  assigned  by  the  Corps  of  Engineers  for  this  work. 

b.  Purpose 

1.  Perform  technical  inspection  and  evaluation  of  non- 
Federal  dams  to  identify  conditions  which  threaten 
the  public  safety  and  thus  permit  correction  in  a 
timely  manner  by  non-Federal  interests. 

2.  Encourage  and  assist  the  States  to  initiate  quickly 
effective  dam  safety  programs  for  non-Federal  dams. 

3.  To  update,  verify  and  complete  the  National  Inventory 
of  Dams. 

1.2  Description  of  Project 
a.  Location 

Pawtucket  Reservoir  Dam,  which  impounds  Arnold  Mills 
reservoir,  is  a  municipal  water  supply  facility  for  the 
City  of  Pawtucket,  Providence  County,  Rhode  Island.  The 
reservoir  is  located  on  the  Abbott  Run  River  about  7.5 
miles  upstream  from  its  confluence  with  the  Blackstone 
River,  a  tributary  of  the  Providence  River.  It  is 
situated  to  the  east  of  Diamond  Hill  Road  (State  Highway  114) 
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d.  Reservoir  Area 


An  inspection  of  the  reservoir  shoreline  revealed  no 
evidence  of  ground  instability.  The  left  shoreline 
includes  the  East  Dike  along  North  Attleboro  Road. 

The  horizontal  and  vertical  alignment  of  the  dike  appear 
to  be  good  and  the  grouted  cobblestone  riprap  on  the 
upstream  slope  is  in  generally  good  condition  with  a  few 
areas  of  minor  erosion  (Appendix  C,  Photo  No.  9).  The 
crest  of  the  dike  has  mature  tree  growth  and  there  are 
a  few  areas  of  brush  on  the  downstream  slope  near  the  left 
abutment  (Appendix  C,  Photo  No.  10)  which  should  be 
removed.  At  the  time  of  the  inspection,  no  seepage 
could  be  seen,  but  the  reservoir  level  was  at  approxi¬ 
mately  the  toe  of  the  upstream  slope. 

e.  Downstream  Channel 

The  spillway  outlet  channel  is  at  about  the  same  elevation 
as  the  downstream  river.  The  concrete  guide  walls  are  of 
differing  lengths,  the  right  being  about  310  ft.  long 
and  the  left  150  ft.  long.  The  channel  is  generally 
overgrown  with  brush.  About  1,000  ft.  downstream,  there 
is  a  small  old  dam  of  little  significance,  and  both  the 
old  and  new  Sneech  Pond  Road  bridges  span  the  river. 

3 . 2  Evaluation 


The  visual  inspection  of  the  dam,  together  with  available 
engineering  data  and  historical  information  from  the  owner, 
permitted  a  reasonably  satisfactory  assessment  to  be  made 
of  those  features  relating  to  the  performance  of  the  structure. 
The  dam  is  considered  to  be  in  good  condition. 
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SECTION  4  -  OPERATIONAL  PROCEDURES 


4. 1  Procedures 

The  City  of  Pawtucket,  Water  Supply  Board,  operates  the 
Pawtucket  Reservoir  and  Diamond  Hill  dams  jointly.  The 
Arnold  Mills  and  Diamond  Hill  reservoirs  supply  water  to  the 
city's  municipal  system.  There  appear  to  be  no  formal 
operating  procedures.  The  reservoir  levels  are  said  to  be 
lowered  8  ft.  to  10  ft.  each  year  before  the  August  - 
September  hurricane  season.  The  36  in.  dia.  outlet  gate  is 
said  to  be  opened  if  more  than  a  6  in.  depth  of  water  passes 
over  the  spillway  during  a  storm  event. 

4 . 2  Maintenance  of  Dam 

Maintenance  is  carried  out  as  required  by  city  personnel. 

Brush  and  tree  cutting  is  performed  when  funds  and  personnel 
are  available. 

4 . 3  Maintenance  of  Operating  Facilities 

The  only  operating  facilities  are  the  manually  operated 
gate  valves,  with  screw  lift  hoists.  With  one  exception, 
they  appear  to  be  in  good  condition,  periodically  inspected 
and  operated  at  regular  intervals.  The  downstream  36  in. 
gate  is  inoperable  and  requires  repair.  The  gate  house  is 

secure,  but  has  some  superficial  damage  due  to  freeze-thaw  I 

cycles. 

4.4  Warning  System 

There  is  no  f  irmal  warning  system  or  program  at  this  dam. 

The  resident  caretaker  reports  to  Water  Board  staff  by 
telephone  and  has  many  years  of  experience,  including  several 
storm  events.  Prompt  response  to  an  emergency  situation 
may  thus  be  reasonably  expected,  but  a  formal  program  should 
be  developed,  with  sequences  and  responsibilities  defined  and 
personnel  trained  in  its  implementation. 

4.5  Evaluation 


Operational  procedures  should  be  formalized  and  put  into  writing. 
The  level  of  effort  put  into  routine  maintenance  requires 
increasing.  Operating  facilities  should  be  put  into  good 
repair  where  necessary  and  a  flood  warning  plan  should  be 
developed  and  implemented. 
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SECTION  5  -  HYDRAULIC/HYDROLOGIC 


5.1  Evaluation  of  Features 


a.  Design  Data 

1.  Discharge  Capacities 

A  spillway  discharge  curve  for  the  Pawtucket  Dam, 
assuming  a  crest  at  elevation  160  and  flashboards  re¬ 
moved,  is  shown  in  Appendix  D  on  Plate  3  (page  D-10) . 

Also  shown  are  discharges  over  the  dam  and  dike  in  the 
event  of  an  overtopping  of  the  structures,  assuming 
that  failure  would  not  result  by  such  overflows.  Outlet 
capacities,  with  36  in.  gate  valves  wide  open,  are  shown 
on  Plate  4  (page  D-13) .  Shown  on  Plate  5  (page  D-15) 
is  the  spillway  discharge  curve  for  Diamond  Hill  Dam 
spillway,  for  use  in  routing  flood  inflows  above 
Diamond  Hill  reservoir  into  the  Arnold  Mills  reservoir. 

2.  Flood  for  Testing  Dam  Adequacy 

The  test  flood  chosen  to  evaluate  the  hydrologic 
and  hydraulic  capacity  of  Pawtucket  Reservoir  Dam 
and  Arnold  Mills  Reservoir  was  selected  in  accordance 
with  the  criteria  presented  in  the  Recommended  Guide¬ 
lines  for  Safety  Inspection  of  Dams.  Since  this  dam  f 

is  classified  as  intermediate  in  size  with  a  high 
hazard  potential,  a  test  flood  of  a  magnitude 
corresponding  to  the  Probable  Maximum  Flood  was  selected 
for  the  evaluation. 

3.  Flood  Hydrology 

For  the  purpose  of  flood  routings  to  determine 
resulting  maximum  surcharges  in  the  reservoirs  and 
corresponding  outflows  into  the  downstream  valley, 

PMP  inflow  hydrographs  were  developed  by  hydrometeor¬ 
ological  methods  utilizing  the  Corps  of  Engineers  HEC-1 
program.  Separate  hydrographs  were  prepared  for  the 
sub-drainage  area  above  Diamond  Hill  Dam  and  for  the 
sub-area  below  Diamond  Hill  and  upstream  from 
Pawtucket  Dam.  The  inflows  above  Diamond  Hill  were 
routed  through  the  Diamond  Hill  reservoir  and 
spillway  to  provide  the  inflow  into  Pawtucket 
reservoir  from  that  sub-basin,  which  were  then  added 
to  the  inflow  hydrograph  for  the  lower  sub-basin  to 
form  the  combined  hydrograph  for  testing  the  Arnold 
Mills  reservoir  and  Pawtucket  dam  spillway  adequacy. 
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The  Probable  Maximum  Precipitation  values  for  this  area 
were  obtained  from  Hydrometeorological  Report  No.  33 
and  adjusted  for  basin  size,  basin  shape  factor,  and 
storm  duration  in  accordance  with  standards  presented 
in  the  Design  of  Small  Dams.  Rainfall  during  the  first 
six  hours  of  the  test  storm  of  19.4  in.  was  distributed 
and  rearranged  according  to  guidelines  suggested  by 
the  Corps  of  Engineers.  Storm  runoff  concentration  time 
was  estimated  utilizing  an  average  flow  velocity  from 
the  farthest  portions  of  the  drainage  area.  The  lag 
time  used  for  the  Arnold  Mills  Reservoir  basin  was  2.56 
hours,  from  which  a  synthetic  curvilinear  unitgraph  was 
developed.  Calculations  are  given  in  Appendix  D 
(pages  D-2  thru  D-7).  The  results  of  the  HEC-1  computer 
program,  including  the  flood  routings,  are  presented  on 
the  printouts  in  Appendix  D  (pages  D-21  thru  D-57). 

As  indicated  on  the  printouts,  for  a  PMP  storm  the 
resulting  hydrograph  peak  inflow  into  the  Diamond  Hill 
reservoir  was  about  17,700  cfs.,  or  a  CSM  value  of  about 
2,100  cfs.  This  value  agrees  closely  with  the  Corps  of 
Engineers  NED  envelope  curve  value  for  mountainous 
terrain.  For  the  Arnold  Mills  drainage  basin,  the 
resulting  hydrograph  peak  was  about  20,400  cfs.  or  a 
CSM  value  of  about  2,270  cfs.  By  comparison  the  NED 
envelope  curve  for  mountainous  terrain  shows  a  CSM 
value  of  about  2,000  cfs. 

Routing  the  PMF  through  the  Diamond  Hill  reservoir  and 
spillway  results  in  a  maximum  outflow  of  about  9,500  cfs. 
at  surcharge  elevation  208.5  or  to  a  maximum  reservoir 
level  of  about  1.5  ft.  below  the  crest  of  the  dam.  This 
peak  outflow  would  occur  at  about  9  hours  after  the 
start  of  the  flood  event.  The  inflow  of  20,400  cfs. 
from  the  Arnold  Mills  basin  would  peak  at  6h  hours  after 
the  start  of  the  flood  event.  Combining  the  Diamond  Hill 
reservoir  outflow  hydrograph  and  the  Arnold  Mills  basin 
hydrograph  results  in  a  peak  inflow  of  25,800  cfs. 
occurring  at  about  the  7th  hour  after  the  start  of  the 
flood  event.  This  discharge  is  equivalent  to  a  CSM  of 
1,480  cfs.  for  the  17.5  sq.  mi.  drainage  area.  The  CSM 
values  shown  on  the  NED  envelope  curves  for  a  17.5  sq.  mi. 
area  are  2,100  cfs.  for  mountainous  terrain  and 
1,500  cfs.  for  rolling  terrain. 

For  h  PMF  and  lesser  magnitude  hydrographs,  discharges 
and  volumes  were  taken  as  direct  ratios  of  the  PMF 
hydrograph. 
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b.  Experience  Data 


Construction  of  the  raised  Diamond  Hill  Dam  immediately 
upstream  was  completed  in  1972,  since  when  there  has  been 
no  flood  event  of  historic  magnitude.  No  records  were 
recovered  for  earlier  events.  According  to  the  resident 
caretaker  for  the  past  35  years,  the  36  in.  dia.  gate  has 
been  opened  whenever  the  depth  of  water  over  the  spillway 
reaches  6  in. 

c.  Visual  Observations 

1.  General 

The  50-year  old  concrete  spillway  shows  some  surface 
deterioration  but  appears  serviceable.  The  outlet  gate 
valves  are  operable,  with  the  exception  of  the 
downstream  36  in.  dia.  valve,  which  is  in  the  open 
position.  Part  of  the  spillway  flashboards  and  some 
of  their  supports  are  missing. 

2.  Upstream  Damage  Potential 

Diamond  Hill  reservoir  and  dam  lie  directly  to  the 
north  of  Arnold  Mills  reservoir,  such  that  when  full 
to  normal  storage  level  the  lower  reservoir  forms  the 
tailwater  for  the  Diamond  Hill  Dam  spillway.  As 
noted  above,  a  PMP  flood  can  be  handled  by  reservoir 
surcharge  and  spillway  capacity  without  threatening 
an  overtopping  of  the  Diamond  Hill  Dam.  The  dam  is 
of  recent  design  and  construction  and  its  structural 
soundness  should  therefore  be  good.  Thus,  the 
upstream  dam  and  reservoir  are  considered  to  pose  no 
threat  to  the  inundation  of  the  Arnold  Mills  reservoir. 

The  1975  USGS  quadrangle  confirms  visual  checks  that 
no  homes  or  improvements  would  be  threatened  if  the 
Arnold  Mills  reservoir  rose  to  the  crest  of  Pawtucket 
Dam.  Except  for  the  Highway  114  bridge  across  Sneech 
Brook  at  the  upper  end  of  the  reservoir,  no  major 
roads  would  be  affected  by  a  rise  in  the  reservoir  to 
top  of  dam  level. 

d.  Overtopping  Potential 

Routing  the  PMP  flood  developed  above  and  utilizing  the 
surcharge  and  discharge  values  shown  on  Plates  1  and  3 
results  in  a  total  peak  outflow  through  the  Pawtucket  Dam 
spillway  and  over  the  main  dam  and  East  Dike  of  about 
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25.750  cfs.  at  surcharge  elevation  167.65  (see  computer 
printout  flood  routing  on  Plate  6,  page  D-17).  The  East 
Dike  would  be  overtopped  2.15  ft.  with  a  maximum  outflow  of 
about  4,000  cfs.  The  duration  of  overtopping  would  be  about 
10  hours  and  a  total  outflow  of  about  1,750  acre-ft.  would 
be  spilled  over  the  Dike.  The  maximum  unit  discharge  over 
the  dike  would  be  about  9  cfs.  per  ft.  The  main  dam  would 
be  overtopped  1.15  ft.  with  a  maximum  outflow  of  about 

10.500  cfs.,  or  a  unit  discharge  of  about  3.5  cfs.  per  ft. 
of  length. 

Routing  the  0.5  PMP  flood  results  in  a  peak  outflow  through 
the  spillway  and  over  the  main  dam  and  East  Dike  of  about 

11.500  cfs.  at  elevation  166.74  (see  computer  printout 
flood  routing  on  Plate  7,  page  D-18) .  The  Dike  would  be 
overtopped  1.24  ft.  with  a  maximum  outflow  of  about  1,400  cfs. 
The  duration  of  overtopping  would  be  about  5  hours  and  a 
total  outflow  of  about  380  acre-ft.  would  be  spilled  over 

the  Dike.  The  maximum  unit  discharge  over  the  Dike  would 
be  about  4  cfs.  per  ft.  The  main  dam  would  be  overtopped 
0.24  ft.  with  a  maximum  outflow  of  about  950  cfs.,  or  a  unit 
discharge  of  about  0.3  cfs.  per  ft.  of  length. 

Routing  a  0.4  PMP  flood  results  in  a  peak  outflow  of 

6.750  cfs.  at  reservoir  elevation  165.5,  all  released 
through  the  spillway.  Except  for  splashing  by  wave  action 
over  the  Dike  and  dam,  no  overtopping  of  the  main  dam  and 
Dike  would  occur.  It  may  be  noted  that  the  outflow  of  about 
170  cfs.  through  the  outlet  is  negligible  in  relation  to 
total  test  flood  outflows. 


e.  Drawdown  Capacity 

Reservoir  drawdown  is  provided  by  a  48  in.  pipe  controlled 
by  36  in.  gate  valves  at  invert  elevation  128.5.  Utilizing 
only  this  outlet,  it  would  require  about  19  days  to  lower 
the  reservoir  level  from  spillway  crest  elevation  160  to 
the  entrance  invert  of  128.5.  The  drawdown  calculations 
assume  no  inflow  to  the  reservoir  during  the  drawdown 
operation.  The  time  required  for  any  indicated  interval  of 
drawdown  requires  adjustment  consistent  with  reservoir 
inflow,  if  any,  during  the  dewatering  operation. 
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f.  Downstream  Hazard  Potential 


A  breach  of  either  the  main  dam  or  the  East  Dike  could  con¬ 
ceivably  occur  either  from  overtopping  or  from  structural 
failure.  Assuming  that  the  reservoir  level  is  at  the  top  of 
the  main  dam,  the  "rule  of  thumb"  criteria  suggested  in  the 
NED  March  1978  Guidance  Report  would  be  applicable. 

For  a  100  ft.  wide  sudden  breach  failure  washing  out  to 
the  base  of  the  main  dam,  a  release  up  to  15,000  cfs.  would 
empty  into  the  downstream  valley  and  Rawson  Pond.  Combined 
with  a  spillway  discharge  of  8,400  cfs. ,  the  total  discharge 
would  be  about  23,400  cfs.  If  the  reservoir  level  is  assumed 
to  be  at  spillway  crest  level  when  structural  failure  of 
the  main  dam  occurs,  a  release  of  9,800  cfs.  into  the  valley 
is  possible. 

At  the  East  Dike,  failure  with  the  reservoir  level  at  the  top 
of  the  Dike  could  discharge  up  to  5,300  cfs.  into  the  tributary 
stream  which  joins  Abbott  Run  and  flows  into  Rawson  Pond.  At 
this  reservoir  level,  the  spillway  discharge  would  be 

6.800  cfs.  ,  giving  a  total  flow  below  the  confluence  of  the 
tributary  of  12,100  cfs.  into  Rawson  Pond.  Failure  of  the 
Dike  with  the  reservoir  assumed  to  be  at  spillway  level 
would  release  about  2,500  cfs.  into  the  tributary  stream. 

As  noted  in  Section  1,  the  banks  of  the  tributary  stream  and 
ponds  leading  from  the  East  Dike  saddle  to  Abbott  Run  are 
heavily  dotted  with  homes  which  could  be  threatened  by  flood¬ 
ing  from  a  discharge  of  2,500  to  5,300  cfs.  due  to  sudden 
failure  of  the  East  Dike.  Below  its  confluence  with  the 
tributary,  on  the  main  stream  along  Rawson  Pond,  many  homes 
along  the  east  shore  are  close  to  the  level  of  the  pond  and 
would  be  subject  to  inundation  owing  to  a  large  rise  in  the 
pond  level.  Failure  of  the  East  Dike  could  cause  a  discharge 
between  2,500  and  12,100  cfs.  into  the  main  stream,  while 
failure  of  the  main  dam  could  result  in  a  discharge  of 

9.800  to  23,400  cfs. 

The  restriction  at  Rawson  Pond  Dam  forms  a  control  to  cause  a 
backwater  into  the  upstream  valley.  Plate  8,  page  D-19, 
shows  estimated  stage-discharge  curves  at  the  Rawson  Dam,  both 
for  flows  over  the  dam  If  it  remains  in  place  and  for  flows 
if  the  dam  washes  out.  Tabulated  in  Table  1  are  upstream 
valley  storage  amounts  above  the  level  of  Rawson  Pond, 
elevation  116. 
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Table  1 


Valley  Storage 

Above  Rawson 

Pond  Dam 

Area 

Valley  Storage 

Elevation 

Acres 

Acre-Feet 

116 

32 

0 

120 

67 

198 

125 

90 

580 

130 

110 

1083 

Considering  an  outflow  from  Pawtucket  Dam  for  the  0.5  PMP 
flood  event,  even  if  a  breaching  at  the  dam  did  not  occur, 
a  discharge  of  about  11,500  cfs.  (Plate  7,  page  D-18)  would 
still  prevail  to  show  a  stage  at  about  elevation  124 
(Plate  8,  page  D-19).  Upstream  valley  storage  for  this  stage 
would  be  about  500  acre-ft.,  which  would  fill  in  about  ^  hour 
at  a  sustained  11,000  cfs.  flow.  At  this  stage  at  Rawson 
Pond,  a  count  on  the  1975  USGS  quadrangle  map  shows  about  20 
homes  below  the  elevation  124  level.  Failure  of  the  East  Dike 
with  a  discharge  of  up  to  12,100  cfs.  could  be  expected  to 
affect  these  same  homes. 

Failure  of  the  main  dam  could  result  in  a  discharge  between 
9,800  and  23,400  cfs.  From  Plate  8,  page  D-19  ,  a  stage  at 
about  elevation  123  would  prevail  for  9,800  cfs.  From  the 
table  on  page  D-20,  a  discharge  of  23,400  cfs.  corresponds 
with  a  stage  of  about  130,  with  at  least  15  additional  homes 
being  affected  in  the  Rawson  Pond  area. 
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6. 1  Evaluation  of  Structural  Stability 

a.  Visual  Observations 

The  field  investigations  of  the  earth  embankment  and  dike 
revealed  no  significant  displacements  or  distress  which 
would  warrant  the  preparation  of  slope  stability  computations 
based  on  assumed  soil  properties  and  engineering  factors. 

b.  Design  and  Construction  Data 

No  plans  or  calculations  of  value  to  a  stability  assessment 
are  available  for  this  dam. 

c.  Operating  Records 

No  pertinent  operating  records  appear  to  exist  for  this  dam. 

d.  Post  Construction  Changes 

The  results  of  the  field  inspection  and  a  check  of  the 
available  records  produced  no  evidence  of  changes  which 
might  influence  stability. 

e.  Seismic  Stability 

The  dam  is  located  in  Seismic  Zone  No.  2  and,  in  accordance 
with  recommended  Phase  I  guidelines,  does  not  warrant 
seismic  analyses. 
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SECTION  7  -  ASSESSMENT,  RECOMMENDATIONS  &  REMEDIAL  MEASURES 


7.1  Dam  Assessment 


a.  Condition 

1.  General 

On  the  basis  of  the  Phase  I  visual  examination,  the 
dam  appears  to  be  in  good  condition  and  functioning 
adequately.  The  deficiencies  revealed  tend  to 
indicate  that  additional  effort  should  be  applied  to 
routine  maintenance.  The  spillway  has  only  sufficient 
capacity  to  accommodate  about  40%  of  the  full  PMF 
(which  was  selected  as  the  appropriate  test  flood) 
without  overtopping  the  main  dam  and  East  Dike. 

2.  Main  Dam  and  East  Dike 

The  freeboard  height  from  normal  reservoir  elevation 
160  to  the  top  of  the  main  dam  is  6.5  ft.,  and  to 
the  top  of  the  East  Dike  it  is  5.5  ft.  If  2  ft.  high 
flashboards  are  placed  on  the  spillway  crest,  this 
freeboard  may  be  reduced  by  up  to  that  amount.  With  a 
reservoir  fetch  of  over  one  mile,  during  a  storm  wave 
action  of  up  to  3  ft.  could  ride  up  the  slopes  of  the 
dam  and  Dike  to  threaten  an  overtopping.  With  added 
freeboard  encroachment  needed  to  provide  head  for  even 
small  discharges  over  the  flashboards,  an  overtopping 
of  the  Dike  becomes  a  distinct  possibility. 

Because  the  crest  of  the  East  Dike  is  one  foot  lower 
than  the  top  of  the  dam,  it  would  be  subjected  to  over¬ 
topping  from  much  smaller  magnitude  floods  than  would 
overtop  the  main  dam.  Since  the  area  of  greater 
hazard  from  an  overtopping  is  located  below  the  Dike, 
it  would  appear  prudent  to  safeguard  this  area  by 
raising  the  Dike  to  a  level  at  least  equal  to  or 
preferably  higher  than  the  main  dam. 

3.  Spillway 

The  spillway  crest  structure  and  retaining  walls  are 
constructed  mainly  of  mass  concrete  and  there  are  no 
visible  indications  of  structural  inadequacy  regarding 
stability  or  movement.  The  concrete  surfaces  show  some 
deterioration,  either  owing  to  freeze  and  thaw  action 
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or  from  seeps  through  construction  joints  because  of 
poor  workmanship  during  construction.  The  condition 
of  the  concrete  does  not  now  threaten  the  stability 
of  the  structure.  To  preserve  the  concrete  from 
serious  deterioration,  a  maintenance  program  to  repair 
damaged  areas  could  be  instituted. 

The  stilling  basin  apron  is  now  strewn  with  rocks  and 
debris,  which  should  be  removed.  This  material  is 
trapped  in  the  stilling  basin  and  during  spillway  flow 
could  churn  and  abrade  the  concrete  floor  and  end  sill 
surfaces . 

The  use  of  flashboards  on  the  spillway  crest  encroaches 
on  surcharge  capacity  and  freeboard,  thus  reducing  the 
ability  of  the  spillway  and  reservoir  to  handle 
increasingly  larger  inflows  before  an  overtopping  of 
the  dam  is  threatened. 

It  is  understood  that  the  size  of  the  pipe  standards 
for  flashboard  supports  was  selected  such  that  they 
would  bend  over  when  a  certain  design  head  over  the 
flashboards  was  exceeded.  It  has  been  the  experience 
at  other  installations  that  these  pipe  standards  did 
not  always  fail  at  the  specified  head  over  the  boards; 
sometimes  they  failed  earlier  and  at  other  times  they 
did  not  fail  at  heads  far  in  excess  of  those  contemplated. 
Further,  when  the  boards  did  bend  over  but  were  not 
washed  away,  floating  debris  would  catch  and  cling  to 
the  boards  to  partially  clog  the  spillway  opening. 

Most  serious,  in  the  event  that  a  sudden  failure  of  the 
boards  did  occur,  is  the  large  surge  of  outflow  which 
can  far  exceed  the  inflow.  Such  a  sudden  failure  will 
cause  a  flood  wave  downstream,  generally  with  but 
little  warning. 

Removal  of  the  flashboards  in  advance  of  a  flood  inflow 
cannot  always  be  guaranteed,  both  because  the  runoff 
time  is  short  and  because  access  to  and  removal  of 
the  boards  is  difficult. 

City  Water  Board  personnel  indicated  that  until  Diamond 
Hill  reservoir  was  enlarged  in  1972,  salvaging  the  added 
storage  and  yield  at  the  Arnold  Mills  reservoir  was 
important  to  their  water  supply  needs.  However,  with 
the  advent  of  the  increased  storage  at  Diamond  Hill  and 
with  an  operating  program  which  would  utilize  the  Arnold 
Mills  storage  ahead  of  Diamond  Hill's,  it  was  indicated 
that  the  additional  storage  capacity  afforded  by  the 
flashboards  was  now  not  as  important  a  consideration  as 
previously . 
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On  the  basis  of  the  above,  the  abandonment  of  the  use 
of  flashboards  on  the  spillway  crest  should  be 
considered . 

4.  Outlet  Works 

The  outlet  discharges  are  controlled  from  a  shaft, 
situated  near  the  crest  of  the  dam,  in  which  closure 
and  operating  valves  are  located.  High  and  low  level 
intake  pipes  lead  to  a  36  in.  dia.  C.I.  cross  piece 
in  the  shaft,  from  which  two  outlet  pipes  lead  to  an 
exit  structure  at  the  toe  of  the  dam.  Outlet  releases 
are  regulated  by  two  36  in.  gate  valves,  which  are 
installed  on  the  upstream  and  downstream  ends  of  the 
cross  piece.  It  is  understood  that  the  downstream 
valve  is  stuck  in  the  open  position  but  the  upstream 
valve  is  operable.  The  concrete  outlet  structure 
headwall  is  in  a  state  of  complete  disintegration  and 
should  be  replaced. 

Adequacy  of  Information 

The  information  recovered  is  considered  adequate  for  the 
purpose  of  making  an  assessment  of  the  performance  of  the 
dam. 

Urgency 

The  dam  appears  to  be  in  no  immediate  danger  of  becoming 
a  hazard  to  life  and  property.  The  recommendations  and 
remedial  measures  enumerated  below  should  be  implemented 
by  the  owner  within  two  years  after  receipt  of  the  Phase  I 
Inspection  Report. 

Need  for  Additional  Investigation 

Additional  investigations  are  required  as  recommended  in 
Para.  7.2. 


7 . 2  Recommendations 


It  is  recommended  that  the  owner  should  retain  the  services  of 
a  registered  professional  engineer  with  suitable  experience  to 
make  investigations,  studies,  and  if  proved  necessary,  design 
remedial  works  for  the  following: 

a.  East  Dike 

To  forestall  an  overtopping  of  the  East  Dike  and  thereby 
protect  residences  in  the  tributary  draw  below  the  Dike, 
the  embankment  should  be  raised. 

b.  Spillway 

To  guarantee  the  intended  freeboard  offered  by  the  original 
design,  use  of  flashboards  on  the  spillway  crest  should  be 
abandoned,  and  normal  storage  no  higher  than  to  elevation  160 
should  be  allowed. 

If  it  is  deemed  desirable  to  provide  more  spillway  capacity 
to  accommodate  higher  magnitude  floods,  this  could  be 
accomplished  by  lowering  the  spillway  crest  and  installing 
radial  or  flap  gates  with  top  at  present  normal  storage 
level  elevation  160.  If  it  is  deemed  advisable  to  provide 
more  freeboard  and  surcharge  storage,  the  spillway  crest 
could  be  lowered  without  utilizing  gates. 


The  engineering  aspects  of  the  deteriorated  concrete  in  the 
spillway  structure  and  walls  should  be  studied  and  the 
extent  of  repairs  required  should  be  determined. 

7.3  Remedial  Measures 


Existing  deficiencies  should  be  corrected  by  the  owner  as  soon 
as  possible.  The  principal  requirements  are: 

1.  Remove  all  brush  and  trees  from  upstream  slope  and  crest 
of  main  dam  and  East  Dike.  It  would  be  preferable  to 
also  remove  all  brush  and  trees  from  the  downstream 
slopes . 

2.  Repair  erosion  gullies  of  crest  and  downstream  slope  on 
each  side  of  the  spillway. 

3.  Replace  displaced  riprap  protection  on  upstream 
embankments . 


26 


4.  Repair  inoperable  36  in.  gate  valve. 

5.  Replace  deteriorated  concrete  headwall  at  outlet. 

6.  Monitor  condition  of  spillway  structure  concrete. 

7.  Monitor  wet  area  and  seepage  along  toe  of  downstream 
slope  at  left  abutment  of  main  dam  periodically 
during  periods  of  high  reservoir  level  and  not  less 
than  once  each  year. 

8.  Develop  a  formal  surveillance  and  flood  warning  plan. 

a.  Operation  &  Maintenance  Procedures 

The  owner  should  institute  procedures  for  a  biennial  periodic 
technical  inspection  of  the  dam  and  appurtenant  works,  with 
supplementary  inspections  of  any  suspect  items.  A  check  list 
for  periodic  inspections  should  be  developed  and  records 
should  be  kept  of  all  maintenance  and  repair  work  performed. 
Ordinary  maintenance,  such  as  cutting  brush,  should  be 
carried  out  in  accordance  with  a  regular  and  consistent 
program. 

7.4  Alternatives 


Several  alternatives  are  discussed  under  Section  7.2  above.  The 
only  remaining  practical  alternative  would  be  to  raise  the  level 
of  the  dam  crest. 
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Unserviceable  due  to  manhole  being  full  of  water. 
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PHASE  I 

Identification  No.  803  Name  of  Dam:  Pawtucket 

Date  of  Inspection:  27  September  1978 
j  Weather:  sunny,  clear  Temperature:  60°F  t 

Pool  Elevation  at  Time  of  Inspection:  152.7  MSL 
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Tailwater  Elevation  at  Time  of  Inspection:  132±  MSL 
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William  S.  Zoino 

t 
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Russell  Knibb 
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INSPECTION  PERSONNEL 

Louis  Berger  &  Associates,  Inc. 

Louis  Berger  &  Associates,  Inc. 

Louis  Berger  &  Associates,  Inc. 

Goldberg  Zoino  Dunnicliff  & 
Assoc.,  Inc. 

OWNER'S  REPRESENTATIVES 

Water  Supply  Board 
City  of  Pawtucket 

Water  Supply  Board 
City  of  Pawtucket 

Water  Supply  Board 
City  of  Pawtucket 


Reservoir  Dam 
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APPENDIX  E 

INFORMATION  AS  CONTAINED  IN  THE 
NATIONAL  INVENTORY  OF  DAMS 
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